Introduction
Hydraulic induced vibration starts with a continuous flow disturbance that creates a periodic pressure pulse. At changes in direction (elbow, tee, bend) or changes in flow cross section (valve, orifice, reducer) this pressure pulse causes pulsating forces on the pipe and makes it vibrate [1] . The complexity of the vibro-acoustic behaviour of flexible, fluid-filled pipe systems is predominantly determined by two parameters: the frequency and the ratio of the masses per unit pipe length of fluid and pipe wall. The number of simultaneously propagating waves in the pipes increases with frequency. The mass ratio determines whether fluid borne and structure-borne waves may be treated separately. If this ratio is close to one, fluid pulsations and mechanical vibrations will be strongly coupled, so that it becomes necessary to consider their interaction when analyzing the dynamic behavior [2] . Therefore, it is vitally important that the evaluation of natural frequency of a pipe be accurately to prevent any resonance condition. There have been extensive studies on the modeling and analysis of fluid conveying pipes over the past half-century, as reported by Paidoussis and al [3, 4] , the pipe conveying fluid has established itself as a generic paradigm of a kaleidoscope of interesting dynamical behaviour. The effect of internal flow on transverse vibration of a pipe was studied by [3] . Coriolis acceleration of the internal fluid was taken into account in [5, 6] .
In practice, the geometry of fluid conveying pipe systems is generally complicated. For these problems, analytical methods are not sufficient for the vibration analysis of real pipeline systems. Therefore, it is desirable to utilize numerical or approximately analytical methods such as finite element method (FEM) [7] , (FEM)-state space approach [8] , spectral element method (SEM) [9] , transfer matrix method (TMM) [10] , differential transformation method (DTM) [11] , generalized integral transform technique (GITT) [12] and differential quadrature element method-(DQEM) proposed for obtaining highly accurate natural frequencies of multiple-stepped beams with an aligned neutral axis [13] can be mentioned. The problem of nonlinearities can be found in [14] by considering the dynamical behaviour of a fluid-conveying curved pipe subjected to motion-limiting constraints and a harmonic excitation. Based on a Newtonian method, the in-plane equation of motion of this curved pipe is derived. Then a set of discrete equations in spatial space obtained by the differential quadrature method (DQM) is solved numerically. In his study, H.R. ÖZ [15] considered the non-linear transverse vibrations of highly tensioned pipes conveying fluid as being investigated.
Practically, long, cross-country pipelines rest on an elastic medium such as a soil, and hence, a model of the soil medium must be included in the analysis. Chellapilla and al [16] , studied the effect of a Pasternak foundation on the critical velocity of a fluid-conveying pipe. Chellapilla and al [17] studied problem of vibrations of fluid-conveying pipes resting on a two-parameter foundation model such as the Pasternak-Winkler model. This work has been extended to the study of the effect of the Pasternak foundation on the natural frequencies of the pipeline for the pinned-pinned, clamped-clamped and clamped-pinned boundary conditions. It is well established from published literature where there exists a critical velocity of the fluid near which the natural frequency of the pipeline tends to zero. Dynamic response of linear systems subjected to dynamic loading, such as shock or seism, with finite element procedures is of paramount importance in many engineering applications [18] . Advances in finite element methodology have made it possible to simulate the dynamic motion of the fluid coupled with the flexible pipe for arbitrary geometries within the context of a general purpose finite element program [19] .
Numerical enhancement of the finite element code ANSYS and in order to produce coupled fluid-structure dynamic analysis with pressure-based formulation has been exposed and validated [20] , using modal and spectral methods. Enhancement of the modeling possibilities within the ANSYS code is carried out with implementation of fluidstructure symmetric formulations for elasto-acoustic and hydro-elastic problems. Using symmetric formulation enables linear dynamic analysis with modal projection techniques for a fluid-structure coupled system. In the mentioned study, comparison of numerical results has been performed for modal analysis for (3D) using modal methods (temporal and spectral approaches). Taking fluid-structure interaction into account in such problems is made possible by finite element analysis (FEA), using ANSYS code [19] . This latter paper presents a state-variable model developed for the analysis of fluid-induced vibration of composite pipeline systems. Simply supported, clamped and clampedsimply supported pipelines are investigated. The influence of fluids Poisson ratio, the ratio of pipe radius to pipe-wall thickness, the ratio of liquid mass density to pipe-wall mass density, the fluid velocity, initial tension and fluid pressure are all considered. The effected numerical simulations to rest most of the time on a modeling simplified of one of the two mediums, or appeal specified procedures of coupling which permit to function together the computer codes specially, is developed for fluid from on a side and the structure of the other [21] .
In this work, the fluid is considered incompressible and the solid is an elastic body. Therefore, this study will be devided into two parts. The first part is specified for analytical modeling and formulas of natural frequencies and shapes modes, by establishing the equations of motions of the pipe with different boundary conditions. One may consider a two-mode Galerkin approximation has been employed to get results for the pinned-pinned beam. Only the effect of fluid flow was taken into account, and the theoretical eigen-frequencies are obtained, under different fluid velocities. For the numerical approach, the interaction enters the fluid and the solid involves the velocity continuity and the mechanical equilibrium condition to the interface. This interaction is based on a procedure of instantaneous coupling, where they obtained pressure in iterations of fluid numerical model is used as extern solicitation for the solid numerical model. Unidirectional approach has been used for the three cases; pinned-pinned, clamped-pinned and clamped-clamped.
The analytical model

Equations of motion and boundary conditions
The pipe is long and straight, thus facilitating the use of Euler-Bernoulli beam theory; the motions are small so that the system can be analyzed by the linear theory; and, the effects of internal pressure and external forces are neglected in the analysis [3] . By applying Newton's second law of motion for afluid-conveying pipe of length L with lateral displacement w, four coupled, linear pipe-dynamic equations have been derived in the previous work [4] as follow:
, 0
And those for a clamped-clamped pipe are:
The dimensionless form of Eq. (1) can be written as:
where ; .
According to Galerkin's method, the solution of Eq. (1) may be expressed as:
where, (9) where the constants 
for the clamped -clamped case. The equation (8) is substituted into the left-hand side of Eq. (5), the result will generally not be zero, but equal to an error function, which may be denoted by
Substituting Eq. (9), we obtain:
Using the non-dimensional parameters, we obtain: 
Multiplying Eq. (8) by Øs and using the orthogonal property of the eigen-functions and integration over the domain [0, 1] yields:
where the different matrices are defined as follows:
The Eq. (15) 
For pinned ends 
Eq. (16) may be written in matrix form as follows:
where K is the stiffness matrix, I is the identity matrix and
Setting the determinant ofthe coefficient matrix above equal to zero and retaining thefirst two terms of the above equation, we get the frequency equation. For the pinned -pinned case it is: 
The critical velocity parameter for the mode 1: Table 2 show the two first frequencies parameter for pinned-pinned fluid-conveying pipe. The two methods employed for comparison are Fourier series and Galerkin.
The error on the frequencies of the order 0.075 is very satisfactory. The Fig. 1 watches the effect Coriolis on the vibration of a pinned-pinned pipe with flow.
Case 2: Pipe with elastic foundation (Winkler model) for no flow
For the pinned-pinned fluid-conveying pipes ( 0   ), however, the effect of an elastic foundation is stabilizing, as shown by [4] . Galerkin expansion was employed to calculate numerical solutions, for the Pasternak-Winkler model [16] . Table 4 case of a pinned-pinned pipe, one notice that the first eigen-frequency increases appreciably with the values of the γ1, very strongly increases for γ1 in the surrounding by 10 3 . According to Table 4 , the Winkler foundation has a stabilizing effect in the pipe and increasing values of γ1 tend to increase both the critical flow velocity and the first frequency parameter pinned-pinned fluid-conveying pipe. 
The numerical model
Fluid-structure interaction problems in the ANSYS code
Design of structures in contact with fluid needs specific attentions on the static and dynamic analysis and requires more accurate simulation tools (finite element method) to improve performance of the system while minimizing the cost of manufacturing. The commercial package ANSYS was used with Fluent for computational fluid dynamics and ANSYS mechanical for the structural simulation. The traditional approach to determine the mechanical stress and deflection of a structure in contact with fluid consists of a steady state computational fluid dynamics (CFD) simulation which provides the fluid pressure on the structure. This can then be applied as a boundary or load condition for the FEM simulation of the configuration, like in Schmucker and al (Ref. [24] ).
Fluid Model -The simulation has been realized under the following conditions:
-The fluid is Newtonian and incompressible, Flow 3D is turbulent.
-Mesh with hexahedral elements, (hexahedral) 8 nodes.
Structure Model The object of this section is the determination of proper frequencies of the right pipe, using a tridimensional element and the study of proper from for each case. The conditions:
-The structure geometry supposed uniform along the length; -The used element for the simulation (mesh), from the ANSYS Mechanical User Guide is the hexahedral (three-dimensional) known under «SOLID 45», using eight nodes isotropic.
Fluid-Structure coupling conditions
ANSYS Workbench permits of making a simulation FSI (Fluid Structure Interaction) in a very easier manner, the schema the charged transfer, which is in our case the pressure.
The coupling conditions consist of transfer fieldfluid operation on the structure and concern the pressure transfer on solid. The types of transfer are the following:
1. The fluid cod transmit the pressure, interface nodal, on structure code 2. The structure code calculates the solution and put on again nodes coordinates.
3. The structure transmits new position of interface nodes. In (Workbench) the simulation is done with Mechanical code, see Fig. 3 .
Interpretation and numerical results
The results are presented for the following cases: 1) Fluid-conveying pipe without foundation; 2) No-flow, pipe with parameter elastic foundation and 3) Fluid conveying pipe with Winkler foundation. Numerical results have been obtained considering the first two frequencies. To validate the convergence between the analytical method and the numerical one, a typical uniform model is used according to the length of profiles. For this, we considered the profile of the pipe as a model: pinned-pinned beam, pinnedclamped and clamped-clamped beam of a uniform circular section. The commercial finite element program ANSYS is employed for modeling the steel pipeline using eight node isotropic 3D solid elements (SOLID 45). Fig. 2 shows the profile tube mesh with hexahedral elements. Fig. 3 shows fluid-structure coupling is only modeled between the elastic structure and the fluid (the hydrodynamic load is imported) of clamped-clamped pipe for mode 1. In the ANSYS code, this is achieved with 45390 elements, (hexahedral) fluid finite elements (3D element with eight nodes and three degrees of freedom). Fig. 4 shows the plot of the displacements nodal of clamped-clamped pipe for mode 1. Case 1: Fluid conveying pipe without foundation The first two vibration frequencies as functions of fluid velocities in the simply-supported, clamped and clamped-simply supported pipes without foundation were determined and are shown in Table 5 and Figs. 5-6, respectively. In these table and figures, values of the velocity V0 are varying from zero to the value V0 = 103.17 m/s which corresponds of the velocity parameter u = 2 for the mass ratios parameter β is 0.6. For boundary conditions pinnedpinned, we notice a good agreement with the results presented analytically for this case, the variation on the first frequency of the order 0.80 is very satisfactory. Tables 6 and 7 . A similar trend is noticed in these cases, the error on the first frequency of the order 1.15 is very satisfactor. 
